The Short-tailed Shearwater (Puffinus tenuirostris) makes a long transequatorial migration between its southeast Australian breeding islands and its North Pacific wintering grounds (Marshall and Serventy, 1956a , 1956b ,1959 , Serventy 1967 , Serventy et al. 1971 , Shuntov 1964 . From April through August, millions occur in the subarctic North Pacific Ocean, Okhotsk, Bering and Chukuchi Seas (e. g. Gibson 1972, Wahl 1978) , but little is known about their life history at that time. This study focuses on their prey selection and feeding behavior in the pelagic North Pacific. Identification of prey organisms contributes information not only on this bird's association with various water masses and current systems, but also on its behavior in the epipelagic layer.
Ecological studies of wintering Short-tailed Shearwaters have been restricted to the eastern Pacific and have not covered their entire life history in the region. For the eastern Bering Sea, Sanger and Baird (1977) reported seasonal changes in number and biomass of several species of seabirds, including Short-tailed Shearwaters, and also compared the food habits of this species with the Sooty Shearwater (Puffinus griseus). In the Kodiak area, Sanger et al. (1978) clarified their major prey type, seasonal change of prey and prey size. In Monterey Bay, California, Baltz and Morejohn (1977) and Morejohn et al. (1978) studied the food habits and niche overlap of nonbreeding seabirds, and revealed that Short-tailed Shearwaters there depend heavily on the market squid (Loligo opalescens). In the Southern Hemisphere, data on food and feeding habits of this species are fragmentary, because studies have been conducted in relatively small areas, confined to the coastal and neritic environments (Sutton 1933 , Gibson and Sefton 1955 , Marshall and Serventy 1956b , Serventy 1958 , 1967 , Serventy et al. 1971 . Materials and Methods
The birds sampled in this study were entangled in salmon gill nets during the spring and summer, 1970-1978, except 1971 and 1974 . Stomach samples and sampling stations were as follows: 18 stomachs taken from 4 stations in the Okhotsk Sea, 125 from 33 stations in the North Pacific and 296 from 57 stations in the Bering Sea, for a total of 439 stomachs examined ( Fig. 1 and Table 1 ). A sampling station code was devised using the ship's name (first two letters), sampling year (first digit), month (second digit) and day (last two digits;
see Tables 5-8 ). The following vessels participated: TS Hokusei Maru (Ho), RV Habomai Maru No. 21 (Hb) , RV Shinyo Maru (Sh), RV Oyashio Maru (Oy) and TS Oshoro Maru (Os).
There were some differences in the time of year samples were collected, and as a result, oceanographic conditions varied. In order to overcome this problem, we classified the waters from which birds were taken into seven current systems in accordance with oceanographic characteristics (Ogi 1980) . This was successful except in the Bering Sea, where areas classified by temperature and salinity did not necessarily conform to the geographic differences in stomach contents. To further clarify the geographical distribution of prey organisms there, stations were grouped by whether the percentage contriamphipods and squid, and as a result, nine areas were distinguished from 57 sampling stations in the Bering Sea (Fig. 1) .
The stomach contents from each shearwater were identified and grouped into the following types: fish, euphausiids, amphipods, copepods, shrimp, squid, jellyfish, Thecosomata, insects, unidentifiable digested matter and other materials. The last group was further classified into fish otoliths, squid beaks, pebbles, land grass and seeds, plastic particles, and unidentifiable matter. All items were weighed to the nearest 0.001g. Fresh items were further identified to species, and their individual numbers were recorded.
Results

Feeding behavior
When shearwaters were attracted to salmon caught at the net corkline, we frequently observed their feeding behavior, but also observed them under other conditions. Feeding generally consisted of five methods, as classified by Ashmole (1971) . It appeared that they were able to change feeding behavior according to horizontal and vertical distribution, and agility and size of suitable prey.
Pursuit Diving
While sitting at the surface ( Fig. 2-B ), Short-tailed Shearwaters often dipped their head into the water ( Fig. 2-C ), apparently to locate prey before diving. Once the target organisms were located, they then alternately kicked their feet, lowered their head to the used their wings for underwater propulsion. Once submerged, most aspects of their underwater swimming were similar to those of the Common Murre (Uria aalge) and Thick-billed Murre (U. lomvia) (Spring 1971) .
Surface Seizing
This feeding method was often observed from stationary vessels, but in most cases identification of prey species was not possible. It appeared that when larval or juvenile fish, euphausiids, amphipods, copepods, squid or other small-sized organisms occurred in a large swarm near the sea surface, surface seizing was the most common method employed. For example, in the northern Bering Sea, a large amphipod, Parathemisto libellula, rises near the surface during dawn and dusk, or during overcast days. In such opportunities the birds move back and forth on the surface alternately kicking their feet and hurriedly picking at amphipods on the surface. On one occasion in the North Pacific, a small assemblage of 20-30 Short-tailed Shearwaters, a Laysan Albatross (Diomedea immutabilis), a Buller's Shearwater (Puffinus bulleri) and two Fulmars (Fulmarus glacialis), settled on the surface at a brick-red plankton patch (probably Euphausia pacifica) about
Hydroplaning
As described for whale-birds (Pachyptila spp.) in the Southern Hemisphere (Murphy 1936 , Ashmole 1971 ), Short-tailed Shearwaters also rested their breast on the surface, held their half opened wings above their back, and with head under water propelled themselves rapidly with their feet (Fig. 2-F ). During observations of this feeding behavior, however, we were not able to determine prey species.
Scavenging
Groups of Short-tailed Shearwaters were frequently observed pecking at floating dead fish or squid. The beaks of large squid, whose intact bodies would have been impossible for shearwaters to swallow whole, were occasionally found in their gizzards. Such organisms must have been eaten by scavenging.
Pursuit Plunging This feeding method was frequently observed in Bristol Bay, Alaska. Many large flocks occurred in the southern part of this area where their main prey organisms consisted of euphausiids (Thysanoessa raschii) and Pacific sandlance (Ammodytes hexapterus). These prey often appeared near the surface in dense patches. When located, the shearwaters flew directly to them and plunged into the water. This plunging behavior continued until the ship approached closely. Frequently, they then disgorged euphausiids as they attempted to fly.
Analysis of stomach contents 1. Overall diet composition by weight in each area a) Okhotsk Sea
All four sampling stations in the Kamchatka Area were located on the continental in 10 of 18 stomachs. Fish were eaten by only one bird. This represented a striking difference in their diet from that of Thick-billed Murres, captured at the same time, which ate mostly fish (Ogi and Tsujita 1977) . Crab larvae and Thecosomata were also of minor importance though several hundred crab larvae were found in the stomach of one individual (Table 4 ). b) North Pacific Ocean euphausiids which overall were the third most important prey item for the shearwater in the North Pacific. Almost all fish and squid eaten were in larval or juvenile stages, the size of which were generally smaller as compared with those of Thick-billed Murres. Interestingly, the shearwater ate copepods only in the Western Subarctic Gyre and Subarctic Current II areas.
among the North Pacific areas were calculated by using Morishita's formula (1959) ( Table 2 ). Highest percentage similarities were observed in the following five pairs: KUA-AS, KUA-SCII, WSG-SCII, AS-SCII, and SCI-WWD. The main prey contributing to percentage similarities were fish in the first four pairs and squid in the last. The Subarctic Current II generally showed high percentage similarities in comparison with other areas, mainly due to the fact that fish and squid were so important there. In the other areas stomach contents averaged from 0.71 to 8.46g.) When the Bristol Bay sample was excluded from the total, diet composition by percent in the Bering Sea was the dominant prey item in Areas I, III, IV and VI, all of which were pelagic habitats. Though Areas V and VII were also pelagic, euphausiids were the dominant prey showing that even in similar areas, diet composition could differ drastically. For sure some variation could be due to year-to-year differences in prey availability, because all sampling in Areas V and VI was conducted in 1973 and 1976, respectively. The regional differences in prey taken by Short-tailed Shearwaters become more clear when percentage similarities are compared ( Table 3 ). The Shelf Area where amphipods were the dominant prey showed quite a low similarity to diets in other areas. At best, a moderately high similarity occurred between the Shelf Area and Area III, where diet between the Shelf Area and Area IV. Diets on the shelf were amphipod-dominated, those in Areas I, IV and VI were squid-dominated (and showed high percentage similarities), Bristol Bay and Areas V and VII were euphausiid-dominated, but Area II showed no similarity with any other areas. Fish were important there, however, percentages of shrimp, squid, crab larvae and Thecosomata occurred also. Table 3 . Indices of percentage similarity between the diets of Short-tailed Shearwaters in different areas of the Bering Sea *; calculated as Morishita's (1959) index.
Diet by weight and per individual birds a) Kamchatka Area
Fish eaten in this area were identified as Arctic lamprey (Lampetra japonica) from one stomach at St. Ho3711. Its original length was estimated to be 20-30cm. Euphausiids were observed from 10 of 18 stomachs, nine from St. Ho3708 and one from St. Ho3803. The number of euphausiids consumed by individual birds ranged from 28 to 139, with a mean number of 67 per bird. The euphausiid species represented was Thysanoessa raschii. Crab larvae were found in two stomachs, one from St. Ho3708 and the other from St. Ho3803. In the latter station, one shearwater fed on 384 crab larvae and 34 Thy. raschii.
b) Kuril Area
Fish were the only prey eaten in this area (Tables 1 and 4 ). At St. Ho3618 many juvenile Pleurogrammus sp. (total length: 20-30mm) were fed on by two shearwaters. c) Western Subarctic Gyre small. Many juvenile Pleurogrammus sp. were found in stomachs at Sts. Hb5516, Hb5517, Sh7605 and Sh7608, and small-sized lanternfish (Myctophidae) were found at Sts. Sh7603 and Sh7605. Due to an advanced state of digestion many fish from the stomach samples could not be identified to species. euphausiids was successful in four stomachs from Sts. Sh7608 and Sh7609. Numbers eaten ranged from 76 to 299, with a mean of 204 (Table 4) , and all were Thysanoessa longipes.
Amphipods were of minor importance in terms of weight but in frequency of occurjaponica and P. pacifica. These species were found in nine of 10 stomachs, and ranged 1-518 in number with a mean of 64.5 per stomach ( (Table 4 ). The other four stomachs holding fish remains occurred at Sts. Hb5421, Hb5426, Oy3423 and Oy3509, however, species identification was not possible.
Euphausiids were found in only two stomachs, both from St. Sh7611. The species eaten was Thysanoessa longipes: four in one stomach and one in the other.
Amphipods were found in five stomachs at St. Sh7611 and in one at St. Oy3509. At the former, Short-tailed Shearwaters fed exclusively on Parathemisto (P. pacfica or P. japonica, total length: ca. 5mm) and at the latter the bird fed on one lisianasiid amphipod. At St. Sh7611, the range and mean number of Parathemisto were 1-173 and 55.8, respectively.
Copepods occurred in two stomachs, both from St. Oy3422. The species was Calanus cristatus (Copepodite V stage), but it could be counted in only one stomach which contained 276 individuals. All squid found in 13 bird stomachs were mostly fragmented. Although it was not possible to identify species, count individuals or measure dorsal mantle lengths, it was apparent that almost all squid were juveniles less than 5cm DML.
f) West Wind Drift
St. Hb3421, the only one in this area, was located just north of the Subarctic Boundary. The main prey for eight shearwaters taken were squid and jellyfish.
Squid were encountered in four stomachs and were so digested that species identification, counts and measurements were not possible.
g) Alaskan Stream
Hb5527, and two from Sh7607. The predominant fish was juvenile Atka mackerel. Fish were generally too fragmented for identification at St. Hb5527, but one bird fed exclusively on 200 juvenile Atka mackerel, weighing a total of 44.18g (Table 4) .
Euphausiids, identified as Thysanoessa longipes, were found in one stomach at St. Sh7607. Their number and weight were 59 and 4.25g, respectively.
Thecosomata and squid were also found in one stomach at Sts. Sh7607 and Hb5509, respectively. It appeared that fish were of minor importance for Short-tailed Shearwaters in this area.
h) Shelf Area
The Shelf Area encompassed the northeastern Bering Sea from the waters off Cape Navalin to around the Pribilof Islands, including the continental shelf and slope and Amphipods were the dominant prey for Short-tailed Shearwaters in frequency of occurrence (69.6%; Table 4 ) and in weight percentage (69.1%; Table 1 ). All amphipods belonged to one species, Parathemisto libellula. Euphausiids ranked second (15.9%) in frequency of occurrence, followed by fish (8.7%), Thecosomata (8.7%), squid (5.8 %) and insects (1.4%; Table 4 ). In comparison by mean weight of each food item to the total number of stomachs in which the prey species occurred, fish ranked first (6.52g), euphausiids second (5.78g), amphipods third (4.31g), followed by squid (0.08g), insects (0.05g) and Thecosomate (0.01g). From these results, Short-tailed Shearwaters appeared to have flexible feeding habits which probably varied according to the distribution of planktonic and neustonic organisms in the surface layer. Percentage composition of prey at stations in this area are presented in This recalculated composition reveals a diet more typical of the Short-tailed Shearwater ( Table 5) .
As a whole, diets were dominated by amphipods, and euphausiids were of minor importance. It is apparent though that these seabirds take advantage of local, dense concentrations of euphausiids (e. g. St. Hb3711). While amphipods typically have a relatively uniform vertical and horizontal distribution in the near surface layer, euphausiids appear in dense patches usually restricted to localized areas.
The number of Parathemisto libellula and Thysanoessa longipes fed on by Shorttailed Shearwaters are shown in Table 6 . Maximum numbers taken by any individual were 656 at St. Sh7711 and 1000 at St. Hb3711, respectively. Body lengths of undamaged P. libellula measured at Sts. Hb3710, Hb3630 and Hb3628 averaged 20.92± 11 .20mm (n = 3), 14.03±2.68mm (n = 19) and 15.00±1.09mm (n = 20), or slightly smaller than those found in the stomachs of Thick-billed and Common murres at the same stations (Ogi unpubi. data) . By using the relationship between body length and wet weight (Wing 1976) , the original weight of 656 P. libellula observed in one bird stomach at St. Sh7711 indicates a range of 24.6-68.9g, or 4.2% to 11.8% of the bird's body weight (582g). The 1000 Thy. longipes from one bird stomach was also converted to original wet weight following Ponomareva (1963) : 48g or 8.4% of the bird's body weight (570g). The remaining food items, squid, Thecosomata and insects, were all too fragmented for identification and occurred in negligible amounts in this area.
i) Bristol Bay
A total of 80 Short-tailed Shearwaters, 29 taken at St. Os0805 and 51 at St. Os2718, were obtained in this area. Euphausiids ranked highest (100%) in frequency of occurrence, followed by fish (13.8%; Table 4 ) which were found in stomachs only at St. Os0805. The euphausiids were identified as Thysanoessa raschii, and the fish as juvenile Pacific sandlance (Ammodytes hexapterus). The number of euphausiids was not determined, but weight per stomach ranged 2.43-88.89g. The latter is the highest weight of euphausiids encountered in this study and comprised about 15% of the bird's body weight (580g). Converting weight to the number of euphausiids resulted in an estimate of 1480 individuals, which might be the maximum number of Thy, raschii that could be ingested in one feeding opportunity by a Short-tailed Shearwater. The range and mean number of euphausiids shown in Table 4 came solely from samples at St. Os2718. j) Area I As shown in Table 1 , Area I had the least stomach content weight per bird of all areas studied. Fourteen of 16 stomachs were empty; of the remainder, one held unidentifiable euphausiids (1.00g) and Thecosomata (0.01g), and the other held unidentifiable squid (10.43g). Based on one undamaged pen, the squid was about 20-30cm DML.
This area, adjacent to the pelagic area off the continental slope, may be unfavorable to feeding for Short-tailed Shearwaters or they may be feeding on a different time schedule there than in other areas studied. k) Area II Area II is a pelagic area located just outside the continental slope. Prey consisted of both pelagic species (squid and Thecosomata) and continental shelf or slope species (shrimp and crab larvae). Quantitatively the most important prey was fish, both in frequency of occurrence (66.7%; Table 4 ) and in weight percentage (82.0%; Table 1 ). The fish in one stomach at St. Sh7704 were juvenile walleye pollock but species identification in the remaining stomachs was unsuccessful (two contained larval fish).
Crab larvae were found in two stomachs at St. Sh 7702, 25 in one and 210 in the other (Table 4 ).
The absence of amphipods in the stomachs of Short-tailed Shearwaters in this area is noteworthy. This may be temporary and local in nature as sampling took place over only a two-day period.
1) Area III
Amphipods and squid were equivalent to each other in both weight percentage ( Table 1) and frequency of occurrence (Table 4 ). It appears that prey in this area is transitional between the shelf and pelagic areas. One of three stomachs was empty, but amphipods (P. libellula) and squid occurred in the other two. Due to the advanced state of digestion, identification of squid was not possible. m) Area IV Squid ranked first (29.2%) in frequency of occurrence, followed by Thecosomata (20.8%); fish and amphipods followed (8.3%; Table 4 ). The mean weight of each food item compared to the total number of stomachs in which that prey occurred resulted in the same order: squid (8.48g), amphipods (0.59g), fish (0.55g) and Thecosomata (0.02g; Table 4 ).
Identified prey species were two larval walleye pollock from one stomach at St. Hb6625, fragmented P. libellula and one lisianasiid amphipod from a stomach at St. Hb6626, and one Hyperia galba from one stomach at St. Hb3622. Squid were almost all too digested for identification, but one in a sample from St. Hb6626 was Gonatus sp. n) Area V Euphausiids ranked first (26.3%) in frequency of occurrence, followed by fish (21.1%), Thecosomata (10.5%) and amphipods (5.3%; Table 4 ). Euphausiids were found in four of nine stomachs at St. Hb3615 and one of six at St. Hb3617. One euphausiid species, Thy. longipes, was represented. The number of euphausiids per bird for four stomach samples ranged 70-300 with a mean of 173 (Table 4 ).
Fish were consumed by four birds, and all were in larval or juvenile stages. Identification to species was unsuccessful.
Amphipods and Thecosomata were negligible and not identifiable to species. o) Area VI In frequency of occurrence squid ranked first (72.3%), followed by fish (17.0%), amphipods (14.9%), euphausiids (10.6%), and Thecosomata (4.3%; Table 4 ). The ranking order in mean weight (Table 4 ) was the same as that in weight percentage (Table 1 ). Squid were quantitatively and numerically the most important prey in this area. The number, weight and species of squid fed on are shown in Table 7 . Berryteuthis anonychus (at six of eight stations) and gonatids were identified, and all were larvae or juveniles. The maximum number found in a single stomach was 11 consisting of three B. anonychus and eight unidentified squid. Measurement was possible in two samples: 57mm DML for B. anonychus at St. Hb6619 and 67mm DML for unidentified squid at St. Hb6613. The maximum weight of squid eaten by one bird was 57.42g with other prey items weighing 1.32g. The total stomach content weight occupied 11.1% of the body weight (531g) of this Short-tailed Shearwater.
All fish observed in stomachs from this area were in larval or juvenile stages which along with state of digestion prevented species identification. A plankton tow at all stations in this area was conducted two times in the early evening one hour after sunset . Results are shown in Table 8 . Cottidae comprised 90.7% of the total number of fish larvae, followed by Bathymasteridae (3.6%), Stichaeidae (2.7%), Hexagramidae (2 .5%), and Scorpaenidae and Pleuronectidae (0.2%). Based on this, it is probable that the fish taken by Short-tailed Shearwaters from this area belonged to the family Cottidae.
Euphausiids were observed in stomachs at only two stations: two stomachs at Hb6611 and three at Hb6613. The only euphausiid species represented was Thy. longipes; numbers found ranged 1-1307 individuals. The 1307 Thy. longipes eaten by a single bird could be estimated at 61g in fresh condition (Ponomareva 1963) . Including other prey items, this Short-tailed Shearwater fed on a total of 74.56g of food, comprising 12.5% of its body weight (595g).
Amphipods were found in stomachs of shearwaters at four stations: Hb6610, Hb6611 , Hb6613 and Hb6619. Gammarids were observed at Sts. Hb6610 and Hb6611, and hyperids at Sts. Hb6610, Hb6611, Hb6613 and Hb6619. Species identification was not possible. The number of amphipods eaten by single birds ranged 1-2 (Table 4) , indicating that amphipods in this area were of minor importance.
Thecosomata were encountered in only two stomachs at St. Hb6610. p) Aera VII Euphausiids ranked highest (62.1%) in frequency of occurrence, followed by fish (13.8%). Amphipods, Thecosomata and squid were of minor importance as prey (Tables  1 and 4 ). Euphausiids were found in stomachs at three stations: Hb6620, Os8620 and Os8614. Among these, numbers taken by a single bird ranged 1-657 individuals. The only species represented was Thy. longipes.
Fish were found in the stomachs of four shearwaters at St. Os8620, but were all too fragmented and digested for identification. Fragmented mesopelagic fish occurred in one stomach.
Discussion
The role of seabirds in marine ecosystems has not been clarified thus far. The difficulty in assessing their relative population size due to high mobility and patchy occurrence, results in a poor estimate of their ecological contribution. However, when we consider the total population of seabirds in a particular region it is evident that they are an important ecological component due to their great biomass, enormous amount of food intake and excrement, and the variety of prey species taken. Wiens and Scott (1975) employed a simulation model to investigate the bioenergetics and patterns of prey consumption among four species of seabirds off the Oregon coast. In that area they consumed 28,000 metric tons of anchovies (Englaulis mordax) per year, a provocative figure considering it was four times the commercial catch during the same period. It is apparent that interaction between commercial fishing and seabirds could be intensive, and that understanding the role of all major ecosystem components, not just commercially important ones, is necessary for ecosystem management. Though some of the data in the above example were nebulous, the development and application of simulation models seem to be one effective method by which the role of seabirds in marine ecosystem can be assessed.
Almost all fish found in the stomachs of Short-tailed Shearwaters were of larval or juvenile stages. Species identification and determination of individual numbers ingested were for the most part unsuccessful, but represented were Arctic lamprey in the Kamchatka Area, Atka mackerel in the Subarctic Current I, Subarctic Current II and Alaskan Stream, walleye pollock in the Shelf Area, Area II and Area IV, and Pacific sandlance in Bristol Bay. Of these, Atka mackerel was quantitatively the most important for Short-tailed Shearwaters. Kashkina (1970) compiled a distribution map of Atka mackerel larvae. They were abundant north and south of the Aleutian Islands, in the central Bering Sea and in almost the entire northwestern part of the North Pacific; the largest number of larvae occurred off the east coast of Kamchatka, in the southern part of the Bering Sea and off Commander Island. The larvae of Atka mackerel were often observed in stomachs of Tufted Puffins (Lunda cirrhata), Horned Puffins (Fratercula corniculata), Thick-billed Murres, Arctic Loons (Gavia arctica) , and Pacific salmon in the northwestern Pacific Ocean (Ogi 1980) and pelagic areas of the Bering Sea (Ogi unpubl. data) .
In pelagic areas of the Subarctic Pacific large numbers of larval and juvenile fish originating from neritic, demersal and meso-or bathy-pelagic waters are present (Parin 1968) . Though the ecological role of ichthyoplankton in the North Pacific is unclear, large numbers of fish larvae are consumed by various marine organisms, including sea-birds. In the Bering Sea four biological communities are recognizable, as characterized by the distribution of fish larvae (taken by surface horizontal net tows) in the summer:
(1) the walleye pollock-Greenland halibut-community typical of the continental slope and neighboring shelf waters, (2) the Pacific sandlance-Stichaeidae-Myoxocephaluscommunity occurring in the Gulf of Anadyr, southeastern shelf, and around the Aleutian Islands, (3) the Hemilepidotus-Sebastes-Hexagrammos-community typical of the pelagic (Haryu pers. comm.) . Locations where walleye pollock and Pacific sandlance were found in stomachs of Short-tailed Shearwaters were in accordance with this eco-geographical classification. In those areas the shearwaters were thus taking the dominant fish species.
Euphausiids were quantitatively the most important prey item for Short-tailed Shearwaters in the Kamchatka Area, Bristol Bay, Area V and Area VII. Species of euphausiids eaten were Thysanoessa raschii in the former two areas, and Thy. longipes in the latter. Thy. longipes was also found in stomachs in the Western Subarctic Gyre, Subarctic Current II, Alaskan Stream, Shelf Area and Area VII. From an ecological standpoint, Thy. raschii was consumed in continental shelf waters and Thy. longipes in oceanic waters. Thy, longipes is rightly called an oceanic euphausiid (Boden et al., 1955 , Brinton 1962 Nemoto 1962) , however, at St. Hb3711 (in the Shelf Area) Thy. longipes were found in nine of 13 stomachs. An influx of basin water toward the shelf was thus apparently controlling the distribution of Thy. longipes there. Ponomareva (1963) also observed this plankton at a shelf area in the Gulf of Anadyr.
In Bristol Bay, Short-tailed Shearwaters fed almost exclusively on Thy. raschii. According to Shuntov (1961) , 5-7 million Short-tailed Shearwaters reside in this area from late April to early June. If each individual fed on 90g of euphausiids per day during their two months stay, their total euphausiid intake would be over 30,000 tons. During the same period, sockeye salmon (Oncorhynchus nerka) also migrate to this area for about one month. According to Nishiyama (1974) , before ascending their natal rivers, these salmon could consume up to 32,280 tons of euphausiids, their main prey. It is thus evident that the total consumption of euphausiids by Short-tailed Shearwaters is at least equal to that of sockeye salmon, but could be considerably greater as daily food consumption and total bird populations in the area represent conservative estimates.
Excluding the Shelf Area and Area III in the Bering Sea, amphipods were of minor importance to Short-tailed Shearwaters in the Subarctic Pacific Region. In Area III, amphipods occupied 50% in the diet composition, but this area seemed to be transitional in ecology between the shelf and pelagic environments; the shelf could in fact be defined as an amphipod-prey-community for Short-tailed Shearwaters. The large-sized amphipod, Parathemisto libellula was overwhelmingly the most important prey species there.
The reproduction and distribution of P. libellula on the continental shelf may be governed by the movement of cold water (Wing 1969 , Semura 1978 . This was clearly demonstrated by the distribution of P. libellula in the stomach contents of both the Common and Thick-billed murres as well as Short-tailed Shearwaters. The distribution pattern of this amphipod during summer corresponds to the distribution of sea ice in continental shelf waters in the previous winter.
In further accord, the stations at which P. libellula was found in the stomachs of Short-tailed Shearwaters and other diving seabirds, roughly
In the Western Subarctic Gyre and Subarctic Current II, Calanus cristatus (Copepodite V stage) were found in the stomach of Short-tailed Shearwaters. Feeding on copepods has been reported for numerous species of marine birds including auklets (Bedard 1969 , Portenko 1934 in Dement'ev et al. 1968 , Manuwal 1974 ), Leach's Storm-Petrels (Oceanodroma leucorhoa) (Palmer 1962) , and Blue-grey Noddys (Procelsterna cerulea) (Ashmole 1967) . According to these accounts, seabirds that fed on copepods are small in body size, but the larger Short-tailed Shearwater apparently also depends on this herbivorous zooplankton to some extent. Besides whole copepods in stomachs, we also often found "empty" stomachs holding only a greenish paste -like material which likely originated from the stomach contents of these herbivorous zooplankton. Feeding on copepods by Short-tailed Shearwaters during spring and early summer corresponded to phases of seasonal succession in the zooplankton community of the surface layer. From March to July the copepodite V stage of C. cristatus stay in the surface waters during the time of maximum phytoplankton production. In August most of the population, with rich stores of lipid, then descends to deeper water for overwintering, breeding and egg laying (Vinogradov 1968 , Fulton 1973 . Barraclough et al. (1969) found that the shallow scattering layer in the North Pacific consisted of 99 percent C. cristatus; small-scale more or less continuous horizontal traces on the echo sounder represented patches from 2 to 150 individuals of C. cristatus per m3.
Squid were quantitatively the most important prey item for Short-tailed Shearwaters in the Subarctic Current I, West Wind Drift and Bering Sea (Areas I, IV, V and VII), all of which were pelagic. We were able to determine that most squid ingested were in larval or juvenile stages. Based on Kubodera's unpublished data, the general ecological features of oceanic squid in the Subarctic Pacific are as follows: (1) many seem to spend their early life stages in the surface layer, (2) surface concentrations of larvae are in general larger than those of other marine organisms, (3) even in the same area, the abundance of larvae in the surface layer undergoes a great annual change, (4) annual fluctuation in the abundance of larvae is greater in the Bering Sea than in the North Pacific (Table 9) , and (5) there appears to be a two or four year cycle in abundance of squid larvae in the surface waters (Table 9 ). Kubodera (unpubl. data) identified 15 species of larval cephalopods in the Subarctic Pacific and of these, 10 belonged to the family Gonatidae. Among these gonatids several were important for pelagic seabirds: Gonatopsis borealis, Gonatus madokai, G. onyx, Berryteuthis magister and B. anonychus. In this study, identifiable squid species eaten by Short-tailed Shearwaters was B. anonychus (in the Area VI in the Bering Sea; Table 7 ). This squid has been recorded from waters off Oregon (Pearcy and Voss 1963) , Washington and Canada (Nesis 1973) , the southern Subarctic Current and West Wind Drift (Ogi 1980) , (Kubodera unpubi. data) .
Its occurrence in the stomachs of Short-tailed Searwaters represents the first record from the Bering Sea.
